The field experiment aimed at determination of influence of autumn harvest on rhythm of the growth of lucerne (Medicago sativa L.) and yield quality of the first cut in the following year was carried out in Spodnji Gabernik (258 m above sea level, 46º15'54.94'' N and 15º34'6.05'' E), in the fourth growth year of the lucerne variety 'Soča'. The experiment was designed as a randomized block in four replications. The individual treatments represented weekly autumn cuttings (1) 24/9/2014, (2) 01/10/2014, (3) 08/10/2014, (4) 15/10/2014 and (5) 22/10/2014. The paper presents data associated with the amount of lucerne dry matter yield (DMY) per treatment compared with the DMY of the first spring cut in the year 2015 (18/05/2015). The growth rhythm of lucerne in each treatment, which took place before the first cut in year 2015, was based on the measurements of the height of the plants. The yield quality was evaluated by NIRS method for determination of crude protein (CP), the net energy of lactation (NEL) and metabolic energy (ME) in dry samples regarding to DMY of each treatment. In autumn 2014, statistically significant higher dry matter yields were obtained in later harvested treatments (5 and 4). Similarly, in spring 2015 the trend of higher crop dry matter yield was observed in treatments harvested later in the autumn of 2014. However, the differences were not significant. Statistically significant differences between treatments were acquired within CPY, NELY and MEY. Before the first mowing, in spring 2015, statistically significant trend of higher plants was also detected in treatments with later cutting in 2014.
INTRODUCTION
e Government of the Republic of Slovenia de nes tourism as one of the most important economic and strategic sectors, as it creates new jobs and has a highly positive impact on balanced regional development. From the Slovenian Tourism Development Strategy (2012) (2013) (2014) (2015) (2016) , which is the basic document for planning of tourism development at the national level, we can see that the designers of Slovenian tourism have, in recent years, reached a consensus that all tourism development must become sustainable (Ministry of Economic Development and Technology 2012).
Sustainable tourism development does not deplete natural resources, and does not pollute the environment, while respecting culture and human and ethical values. We can talk about so tourism, which is the most suitable for rural areas. At the same time, sustainable development focuses not only on environmental issues, but emphasises development that meets the needs of the present without compromising the ability of future generations. Sustainable development links the concern for the capacity of natural systems with the social challenges facing humanity. Tourism is one of the fundamental pillars of balanced economic, social, ethical, and environmental development -these are the components that comprise sustainable development. us, tourism is becoming an extremely important sector of both the global and the local economy.
e sector is expected to grow constantly, both in qualitative and quantitative terms.
Any development of tourism cannot happen without a ecting the development of the entire region. When we attract tourists with one attraction, they will visit by the way also other attractions, they will use public transport, eat in local restaurants and sleep in nearby hotels, which brings bene t to all actors and hence the entire region. However, there may cause also negative e ects, such as increased tra c and thus greater noise and air pollution.
Nowadays, "relaxed tourism" is booming as people are in a constant hurry and are under stress, so there is a growing demand for relaxation techniques and a need for places where they can nd peace. In the north-east of Slovenia alone, there are 7 thermal spas, over 25 tourist farms, and many other activities which attract tourists who want on-site facilities.
e landscape is a functional set of ecosystems and their environment, which is namely open, but able to be to a certain extent self-regulating. Landscape ecology is the study of the composition, structure and function of landscapes. A
Production of high quality forage which represents the main fodder for cattle, and consequently, reduces the use of more expensive purchased concentrates, is a strong challenge for the majority of Slovenian breeders. In last few decades, lucerne (Medicago sativa L.) has become more frequently present in the field rotation, mainly due to more frequent periods of drought during the growing season.
Lucerne is one of the oldest known forage crops on arable land (Kramberger 1995) . It belongs to the legume plant family (Fabaceae). The most important benefits of the legumes are that they can satisfy their nitrogen requirements through a symbiotic association with Rhizobium sp. (and other related genera) bacteria. Estimates of quantities of N2 fixation by lucerne vary widely but, on annual basis, are generally higher on than those of other temperate forage legumes (Witty et al. 1983, Heichel and Henjum 1991) .
In 2014, lucerne was planted on 3421 ha of arable land in Slovenia, which was 3.4 times more in comparison with 2004 (Statistical Office of the Republic of Slovenia 2015) . Amongst the main reasons for the increased presence of lucerne in arable land was more frequent occurrence of dry summers in the above mentioned period. Lucerne develops a deep root system and thereby tolerates drought better (Small 2011) . The strong tap root in the first year usually reaches 1 to 2 m in depth but in the following years of growth root penetration can be deeper than 4 to 5 m (Frame et al. 1998) . Concerning the weight, most of lucerne roots are spread to the depth of 30 cm. More frequent use as cutting or rotational grazing is weakening the growth of the root system (Kramberger 1995 , Korošec 1998 ).
For lucerne production, the term of the first cut in spring is extremely important because early cut adversely affects the vitality of plants, causes weakening of the root system development, and shortens the period of crop exploitation *Correspondence to: E-mail: anastazija.gselman@um.si (Sheaffer et al. 1986 ). However, late spring mowing provides higher yields but of lower forage quality and lower voluntary intake by animals. At least 35 days should elapse between individual mowings, so that plants in the mean time could synthesize sufficient reserves for the regeneration and nutrition of roots. Between the last mowing of lucerne in the season and occurrence of the first cold, a recovery period of 30 to 50 days is needed (Sheaffer et al. 1986 , Katić 2003 , Međimurec 2007 ). It enables a successful development of the vegetation in the following year. In addition, increased cutting frequency and very late autumn harvesting may have a negative impact on lucerne longevity (Small 2011) .
Concerning the intensity of exploitation, lucerne is a perennial plant species with its own characteristics which affect its development and yield. It grows better in temperate and relatively dry climate. The growth of lucerne is highly dependent on heat. The optimum air temperature for growth is between 10 and 25 °C, and depends of stage of plant development and re-growth. Although lucerne is well adapted to extremely high temperatures, temperatures higher than 35 °C may cause heat injuries (Major et al. 1991 , Kendall et al. 1994 ). For intensive plant growth and development, a sum of active temperatures from 700 to 900 ºC is required up to flowering. To produce high yield, plants must be able to uptake enough water since transpiration coefficient ranges between 700 and 830 litres (Korošec 1998) .
Lucerne is most frequently used as a forage plant providing forage of excellent quality. Generally, it is grown in monostands, although it can be mixed with some other legumes or grasses. The production capacity of lucerne is very high. Without nitrogen fertilization, it can produce higher quantity of digestible proteins per hectare than any other crop (Kramberger 1995) . Lucerne has a lower cell-wall constituents and digestible fibers, but higher cell contents, crude protein and lignin content as grasses at similar stages of growth (Frame et al. 1998 ).
The objective of the present study was to investigate the timing of the last autumn cut on the average dry matter yield and to assess its impact on development of lucerne in the following year. Furthermore, the objective of the study was to investigate the effect of autumn cutting regime on crude protein content, net energy for lactation and metabolizable energy yields provided by the last autumn and the first spring cut in the following year.
MATERIAL AND METHODS

The trial site
The field experiment was established in autumn 2014, in the fourth growth season of the lucerne variety 'Soča' , on the Strašek farm in Spodnji Gabernik (258 m above sea level, 46º15'54.94'' N and 15º34'6.05'' E). The experiment was designed as a randomized block involving five treatments in four replications. 
Measurements
For estimating the aboveground biomass, dry matter yield and nutrient content (crude protein and the net energy of lactation), the sward of each plot was cut at several points (50 cm x 50 cm) to a stubble height of about 7 to 8 cm, and weighed. ). For the assessment of the nutritional value of the aboveground lucerne samples, the method of measuring the reflectance of near-infrared light (NIRS) was used. The spectra of air-dried and milled samples (1 mm) were recorded by using NIR-analyzer (Foss NIRSystem 6500 Monochromator) and software (WinISI II Version 1.5) at the wavelength range of 400-2500 nm. Hygroscopic bound water, content of crude protein (CP), crude fibre, NDF, ADF, ash, crude fat and volume of gas generated during the incubation of lucerne samples with rumen liquor "in vitro" was estimated on the basis of spectra and general calibration equation for meadow forage. The calibration equation in addition to the preserved samples from sown grasses and natural grasslands (green fodder, hay and grass silage) was also included in various preserved lucerne samples. The content of metabolic energy (ME) and net energy for lactation (NEL) were calculated using German regression equation (GfE 2008) based on the data of the chemical composition and volume of gas in samples.
The composition and the nutritional value of sampled material were determined at the Agricultural Institute of Slovenia.
Weather conditions
Monthly sum of precipitations (Figure 1 ) and the average monthly temperatures (Figure 2) indicate that the autumn of 2014, at the site of meteorological station Gabernik near Rogaška Slatina (379 m above sea level, 100 meters from the site of the experiment) was wetter and warmer than the longterm average achieved in the meteorological station of Rogaška Slatina. The effect of late autumn cutting of lucerne (Medicago sativa L.) on the growth rhythm of the first cut in the following year
At the beginning of the growing season, in March and April of 2015, slightly less rainfall was recorded than the long-term average of Rogaška Slatina, while the average temperature was 1 °C higher. Extremely humid period was recorded in May 2015 when the amount of precipitation exceeded the long-term average by 65 %.
During the experiment, there was no drought, which is evident from the Figure 3 . The effect of late autumn cutting of lucerne (Medicago sativa L.) on the growth rhythm of the first cut in the following year the net energy for lactation yield (NELY; GJ ha -1 ) and the metabolisable energy yield (MEY; GJ ha -1 ) of the last cut in 2014 and the first cut in 2015. Significances of differences between means at P ≤ 0.05 were tested using the LSD method.
Statistical analyses
RESULTS AND DISSCUSION
Dry matter yield
In autumn 2014, the average aboveground biomass DMY significantly differed amongst treatments. The differences were expected since DMY depends on the length of the growing period, which ranged from 25 to 53 days. The highest DMY (1730 kg ha -1 ) was obtained in the treatment where, after the latest cut, lucerne continued to grow for 53 days (Figure 4) , and the lowest in treatments 1 and 2 where lucerne, after the last summer cut, continued to grow for 25 and 32 days (930 kg ha -1 and 1210 kg ha -1 , respectively). The presumption of the experiment was that the differences in plant height among the treatments before winter season would cause significant differences amongst treatments in dry matter yield of the first cut in 2015. As is shown in Figure 4 , trend of higher DMY was observed in treatments harvested later in autumn 2014. However, the differences were not significant. Corresponding dry matter yields ranged from 4175 kg ha -1 (treatment 5) to 2930 kg ha -1 (treatment 1), respectively. Study of lucerne DMY by Katić et al. (2007) showed that the average DMY ranged from 13.9 to 16.1 t DMY per hectare.
In our case, the DMY yield of the first spring cut of lucerne corresponded to 29.9 % (treatment 5) of the expected annual yield (14 t DMY ha -1 ). The results are in full accordance with Genever and McConnell (2014) which reported, that the DMY of first spring cut was within 30 to 35 % of the total annual dry matter yield. The same authors indicate that the yield of the last cut in year represents 10 % of the total annual yield (1000 to 2000 kg DM per hectare). The presented results of DMY of the last mowing in 2014 (treatment 5 -12 %), which took place right after the settings of the experiment, are also comparable with the results of the authors mentioned before.
As reported by Barnes and Sheaffer (1995) and Small (2011) , the dry matter yield of the first harvest in spring depends on the length of the interval between the last mowing and occurrence of the first frost in the season. However, in case of our experiment, DM yields of the first mowing in spring 2015 (treatment 5; 66 days elapsed from last harvest until the first frost (27 th of December 2014)) are similar to those obtained by authors mentioned above. The results of our experiment confirm the fact that lucerne requires for regeneration and successful overwintering 30 to 50 days for regrowth from the last harvesttill the occurrence of the first frost.
CP, NEL and ME yields
Based on DMY and results of NIRS analysis of feed samples CPY, NELY and MEY were calculated. Results for the first mowing in 2015 showed significant differences among the treatments.
As shown in Figure 5 , the highest CPY value was obtained ). Statistical differences in CPY between treatments were mainly due to differences in DMY. However, the content of CP (g per kg DM) in individual samples of treatments were comparable and ranged from 172.5 g (treatment 4) to 167.3 g (treatment 1), respectively.
Similarly, the significant higher NELY and MEY were observed in treatments harvested later in autumn 2014 ( Figure 6 ). The highest NELY value (22.2 GJ ha -1 ) as well as highest MEY value (37.9 GJ ha -1 ) was obtained in treatment 5. The lowest value of NELY (13.9 GJ ha -1 ) and MEY (23.9 GJ ha -1 ) were determined in treatment 1. Especially, statistical differences in the NELY and MEY among treatments were caused by differences among DMY. It is also evident that statistical differences in the NELY and MEY among treatments resulted from differences among DMY since the contents of NEL and ME were comparable. The calculated NEL content (MJ per kg DM) was between 5.2 MJ (treatment 1) and 5.4 MJ (treatment 3), and ME (MJ per kg DM) between 8.9 MJ (treatment 1) to 9.2 MJ (treatment 3), respectively.
The hypothesis that quality of the forage in the first cut strongly depends on the latest autumn harvest of the previous year was confirmed. As observed by Steinhöfel and Hoffmann (2013) the yield of 6 t DM ha -1 of the first cut in the season contained 1002 kg of CP ha For the nutritional value of the crop, very important were time of cutting and cutting plant height. However, both parameters strongly depend on the stage of development of young shoots. Consequently, cutting height must not reach the axillary buds, originating in the axils of stems, which is closely associated with regrowth.
Plant height
Sequential measurements of plant height during the spring growth and significance among treatments are present in Figure 7 . The results of the first spring measurement indicated that spring growth might have been stimulated by the late autumn harvesting in the previous season. The highest plants were obtained in treatments 5 and 4 (harvesting performed 22 nd and 15 th of October -8.3 cm and 7.8 cm, respectively) and were significantly higher when compared with the remaining three treatments. In contrary, the differences amongst the earlier cut treatments (24 th of September, 1 st and 8 th of October, -7.1 cm, 7.1 cm and 7.2 cm, respectively) were insignificant. Statistically significant differences in plant height among the treatments increased with stage of lucerne growth. The maximum plant height was established in the fourth measurement, in treatment 5 (37.9 cm) which was significantly higher than in all other treatments. The lowest plants were determined in treatment 1 (30.0 cm). However, treatments 1 and 2, 3 and 4 did not significantly differ to each other.
The last measurements took place just before the mowing of lucerne. Once again, the highest plants were recorded in treatment 5 (93.2 cm). Statistically significant differences were not detected between treatments 1 and 2 and between 
CONCLUSIONS
The obtained results highlight the complexity of the problem:
• The highest dry matter yields of last autumn harvesting of lucerne were achieved if mowing had taken place 53 to 46 days after the previous harvesting. This means that plants reached optimal development stage suitable for cutting (beginning of flowering).
• Time of the last autumn cutting of lucerne did not significantly affect the DMY of the first mowing in the following year. However, CPY, NELY, MEY and lucerne height significantly differed among treatments. The highest measured and calculated value of all parameters was achieved when the last autumn harvesting had taken place 66 to 73 days before the first frost. Values of DMY, CPY, and NELY, MEY as well as the plant height of the first mowing in the next year were lower if the autumn cutting had taken place earlier.
• The time of the last autumn harvesting did not significantly affect the content of CP and the calculated values of NEL and ME in plant samples of the first cut in the next year. However, significant differences of the CPY, NELY and MEY were mainly due to differences in DMY.
